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Differential effects of operative complications on survival
after surgery for primary lung cancer
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ABSTRACT

Objective: Complications adversely affect survival after lung cancer surgery. We
tested the hypothesis that effects of complications after lung cancer surgery on
survival vary substantially across the spectrum of postoperative complications.

Methods: The Society of Thoracic Surgeons General Thoracic Surgery Database
was linked to Medicare data for lung cancer resections from 2002 through 2013.
Linkage was achieved for 29,899 patients. A survival model was created that
included operative complications as explanatory variables and adjusted for rele-
vant baseline covariates. Because of violation of the proportional hazard assump-
tion, we used time-varying coefficient Cox modeling for the complication
variables.

Results: Median patient age was 73 years, and 48% were male. Procedures per-
formed were lobectomy in 69%, wedge in 17%, segmentectomy in 7%, bilobec-
tomy in 3%, pneumonectomy in 3%, and sleeve lobectomy in 1%. Most frequent
complications were atrial arrhythmia (14%), pneumonia (4.3%), reintubation
(3.8%), delirium (2%), and acute kidney injury (1.4%). In the early period (0-
90 days), 12 complications are associated with worse survival. From 3 to
18 months after surgery, only 4 complications are associated with survival:
delirium, blood transfusion, reintubation, and pneumonia. After 18 months,
only sepsis and blood transfusion are associated with a significant late hazard.

Conclusions: Our analysis confirmed the presence of differential magnitude and
time-varying effects on survival of individual complications after lung cancer sur-
gery. We conclude that the derived time-dependent hazard ratios can serve as
objective weights in future models that enhance performance measurement and
focus attention on prevention and management of complications with greatest
effects. (J Thorac Cardiovasc Surg 2018;155:1254-64)
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Survivals of patients with and without complications

after lung cancer surgery.
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Central Message

A number of perioperative complications after

lung cancer surgery are associated with time-

varying effects on early, intermediate, and

late-term survivals of differential magnitude.
Perspective

Current models used for risk prediction and

performance measurement in lung cancer sur-

gery assign equal weights to empirically

selected major morbidities. Complications af-

ter lung cancer surgery are associated with

different magnitudes of hazard for mortality.

These differential hazards can be used as objec-

tive weights for complications in risk predic-

tion and performance measurement models.
See Editorial Commentary page 1265.

See Editorial page 1209.
Perioperative complications adversely affect survival after
lung cancer surgery.1 The Society of Thoracic Surgeons
(STS) General Thoracic Surgery Database (GTSD) has
developed risk prediction and performance models for
lung cancer surgery that are based on preoperative fac-
tors.2,3 These models consider operative morbidity and
mortality as outcome measures and empirically assign
equal weights to major complications. Major morbidities
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Abbreviations and Acronyms
ARDS ¼ adult respiratory distress syndrome
CMS ¼ Centers for Medicare and Medicaid

Services
GTSD ¼ General Thoracic Surgery Database
ICD-9-CM ¼ International Classification of

Diseases, Ninth Revision, Clinical
Modification

STS ¼ Society of Thoracic Surgeons
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were selected by expert opinion and include tracheostomy,
reintubation, initial ventilatory support longer than
48 hours, adult respiratory distress syndrome (ARDS),
bronchopleural fistula, pulmonary embolus, pneumonia,
unexpected return to the operating room, and myocardial
infarction. Other complications, such as an atrial
arrhythmia requiring treatment, are considered minor and
not included in these models.

Not all postoperative complications, however, would be
expected to be associated with the same risk of mortality.
The assignment of equal weights to complications in risk
and performance measurement models thus may not be
appropriate. In addition, the death hazard from a specific
complication may not be constant with time. An acute pul-
monary embolus may be associated with a significant risk in
the immediate perioperative period but have no effect on
survival at 2 years after the operation. Our objective was
to determine the independent effects of perioperative com-
plications of lung cancer surgery on survival with time.
Long-term survival for lung cancer surgeries in the STS
GTSD was ascertained through linkage with Medicare
claims data.4 We tested the hypothesis that the effects of
complications after lung cancer surgery on survival vary
substantially across the spectrum of postoperative
complications.
MATERIALS AND METHODS
Institutional Review Board Approval

The data used in this analysis represent a limited data set with no

direct patient identifiers that was originally collected for nonresearch

purposes. The analysis of these data was therefore declared by the

Duke University Health System Institutional Review Board to be

research not involving human subjects and thus determined to be exempt

from formal review.
The Journal of Thoracic and Car
Society of Thoracic Surgeons General Thoracic
Surgery Database

The STS GTSD was queried for all patients treated with surgical

resection for primary lung cancer from January 1, 2002 through

December 31, 2013. This study encompassed several versions of the

STS GTSD data collection instruments (v2.07, v2.081, and v2.2), with

various changes incorporated to reflect advancement in thoracic

operations.

Medicare Database of CMS
Medicare is health insurance provided by the federal government of the

United States for the following groups of patients: (1) people aged 65 years

or older, (2) people younger than 65 with certain disabilities, and (3) people

of any age with end-stage renal disease. The Centers for Medicare and

Medicaid Services (CMS) administrative claims data source for this study

is the 100%Medicare inpatient claims file, which contains information on

hospitalizations of patients enrolled in fee-for-serviceMedicare. It includes

dates of service and diagnostic codes from the International Classification

of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). The data-

base contains anonymous patient identifiers that enable follow-up of ben-

eficiaries with time but do not enable identification of any beneficiary

through assigned Medicare health insurance number. Also used was the

100%Medicare denominator file, which links to the inpatient file and con-

tains information on beneficiary eligibility, demographic characteristics,

and date of death.
Linkage of STS Records to CMS Data
The STS database was linked to CMS claims files with combinations of

nonunique indirect identifiers through a deterministic matching algorithm,

as previously described.4 Records in the 2 databases were considered to

contain information on the same patient if they matched on a set of indirect

identifiers, including hospital, date of birth, sex, admission date, and

discharge date. The CMS 100% inpatient claims file was first queried for

ICD-9-CM procedure codes for pulmonary resections 32.0 to 32.9. Vari-

ables common to both the STS GTSD and the CMS Medicare Database

were then used to link STS operations to CMS inpatient claims data for

all hospitalizations duringwhich a patient underwent lung cancer resection.

Once the individual patients were linked, longitudinal records were created

containing follow-up information, including subsequent death where appli-

cable. Successful linkage was performed for 29,899 patients who under-

went lung cancer resection.
Outcome Measure and Explanatory Variables
The objective of this study was to examine the differential effects of

operative complications after lung cancer surgery and overall survival;

the primary outcome measure is therefore mortality. Date of death was

determined from the CMS database for each patient, whereas censorship

was based on the last year of CMS follow-up that was available. Operative

complications occurring in the immediate inpatient setting captured in the

STS-GTSD that were considered as explanatory variables include the

following: pneumonia, pulmonary embolus, bronchopleural fistula,

ARDS, reintubation, initial ventilation for longer than 48 hours, atrial

arrhythmia requiring treatment, ventricular arrhythmia requiring treatment,

myocardial infarction, deep vein thrombosis, empyema, surgical site infec-

tion, sepsis, recurrent laryngeal nerve paralysis, central neurologic event,

delirium, acute kidney injury, blood transfusion, and unexpected return

to the operating room (for any cause). These complications are typically

ascertained by data abstractors through review of the medical record.

The following independent variables were also adjusted for: age, sex,

body mass index, American Society of Anesthesiology Risk class, Zubrod

score, coronary artery disease, cerebrovascular disease, congestive heart

failure, diabetes mellitus, steroid use, peripheral vascular disease, renal
diovascular Surgery c Volume 155, Number 3 1255



TABLE 1. Patient characteristics

Characteristic No. %*

Age (y)

65-69 8671 29.0

70-74 8886 29.7

75-79 7147 23.9

�80 5195 17.4

Sex

Male 14,412 48.2

Female 15,474 51.8

BMI (kg/m2)

<18.5 794 2.7

18.5-25 9568 32.0

25-30 12,323 41.2

30-35 4961 16.6

>35 2253 7.5

ASA class

I-II 3885 13.1

III 22,281 75.4

IV-V 3391 11.5

Zubrod score

0 12,443 42.0

1 15,451 52.2

2-5 1700 5.7

CAD 7959 26.6

CVD 3000 10.0

CHF 1152 3.9

DM 5677 19.0

Steroid use 1036 3.5

PVD 3599 12.0

Renal insufficiency 697 2.3

FEV1 (% predicted)

>80 13,613 50.4

60-80 8637 32.0

40-60 3910 14.5

<40 842 3.1

Pathologic stage

I 20,038 68.9

II 5155 17.7

III 3311 11.4

IV 590 2.0

Cigarette use

Never 3819 12.8

Past 20,645 69.0

Current 5435 18.2

Thoracic reoperation 1624 5.7

Procedure

Lobectomy 20,578 68.8

Bilobectomy 842 2.8

Pneumonectomy 915 3.1

Segmentectomy 2079 7.0

Sleeve lobectomy 282 0.9

Wedge resection 5203 17.4

VATS approach 14,182 47.4

BMI, Body mass index; ASA, American Society of Anesthesiologists; CAD, coronary

artery disease; CVD, cardiovascular disease; CHF, congestive heart failure; DM, dia-

betes mellitus; PVD, peripheral vascular disease; FEV1, forced expiratory volume in

1 second; VATS, video-assisted thoracic surgery. *Percentage of all patients.

1256 The Journal of Thoracic and Cardiovascular Sur
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insufficiency, forced expiratory volume in 1 second (% predicted), smok-

ing status (current, former, never), laterality, whether the patient had a pre-

vious thoracic surgery that affected the operative field (ie, thoracic

reoperation), procedure type, and whether video-assisted thoracic surgery

was used. Lung cancer pathologic stage was also considered, as defined ac-

cording to the American Joint Committee on Cancer seventh edition stag-

ing system. Stage assignment was based on available T, N, and M

descriptors recorded in the STS GTSD.4 The STS GTSD has been exter-

nally audited since 2010.5 Audits have demonstrated high agreement rates

with hospital records and validated the accuracy and completeness of the

data. All variables, including the operative complications, were selected

empirically on the basis of STS operative riskmodels and expert consensus.

Overall, the rate of missing data was low (average of 3% across the data

fields studied). The greatest number of instances of missing data was for

the variable of forced expiratory volume in 1 second (missing in around

10% of patients). For a number of variables (comorbidities and whether

the surgery represented a reoperation), failure to code the presence of a var-

iable was considered to be a negative response. The rate of no response

ranged from 0.2% (smoking status) to 7.6% (perioperative steroids).

Model refinement for the Cox proportional hazards model was limited to

cases that were complete for all data points considered (those with implied

negative responses were considered complete).

Statistical Analysis
Descriptive analyses are presented as counts with percentages. The

Kaplan-Meier method was used to estimate survival after lung cancer sur-

gery in the STS-CMS linked cohort for strata of patients with and without a

specific postoperative complication (eg, pneumonia), and the survival

curves were compared with the log-rank test. Cox proportional hazards

modeling was used to create a long-term multivariable survival model,

examining the effects of individual complications on survival with adjust-

ment for the aforementioned patient and operative factors (independent

variables). Proportionality of hazards for a complication was evaluated

by testing for a correlation of follow-up time with scaled Schoenfeld resid-

uals from the adjusted Cox model with this complication.5 Violation of the

proportional hazards assumption was observed for most of the operative

complication covariates. For each complication, a time-dependent coeffi-

cient analysis was therefore considered. To provide a parsimonious anal-

ysis but also to allow the estimation of a differential effect of a

complication with time, the complication hazard ratios were estimated

separately in 3 time intervals: early (0-90 days from operation), intermedi-

ate term (3-18 months), and late term (>18 months). The 18-month

threshold was based on a visual inspection of time-dependent coefficient

plots for complications.6 The 90-day threshold was selected empirically

to distinguish between the effects of complications on short term survival

(operative mortality) and their effects on longer term survival. Clustering

within hospitals was accounted for by consideration of robust sandwich

covariance matrix estimates.7 Analyses were run with the SAS Software

9.4 (SAS Institute, Cary, NC) and R software 3.1.2.8
RESULTS
A query of the STS GTSD from January 1, 2002, through

December 31, 2013, revealed 29,899 patients from 247 cen-
ters who had undergone surgery for primary lung cancer.
Baseline patient characteristics are depicted in Table 1. Me-
dian agewas 73 years (interquartile range, 69-78 years), and
48% of the patients were male. At pathologic analysis,
69% had stage I disease, 18% had stage II disease, 11%
had stage III disease, and 2% had stage IV disease. Proced-
ures performed were lobectomy in 69%, bilobectomy in
3%, pneumonectomy in 3%, segmentectomy in 7%, sleeve
gery c March 2018



TABLE 2. Frequencies of complications

Complication No. %*

Atrial arrhythmia 4166 13.9

Blood transfusion 2527 8.5

Pneumonia 1285 4.3

Reintubation 1134 3.8

Unexpected return to OR 862 2.9

Delirium 597 2.0

Acute kidney injury 417 1.4

ARDS 269 0.9

Ventricular arrhythmia 248 0.8

Sepsis 242 0.8

Initial ventilation>48 h 221 0.7

Central neurologic event 212 0.7

Deep vein thrombosis 176 0.6

Surgical site infection 166 0.6

Pulmonary embolus 145 0.5

Myocardial infarction 139 0.5

Empyema 126 0.4

Bronchopleural fistula 112 0.4

Laryngeal nerve paralysis 96 0.3

Mortality

Operative (30-d þ in-

hospital)

728 2.4

90-d 1343 4.5

OR, Operating room; ARDS, adult respiratory distress syndrome. *Percentage of all

patients.
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lobectomy in 1%, and wedge resection in 17%. A thoraco-
scopic approach was performed in 47% of operations.

The rates of individual complications after lung cancer
surgery are shown in Table 2. Overall, 27.2% of patients
(n ¼ 8145) had a postoperative complication. The most
frequent complications were atrial arrhythmia at 14%
(n ¼ 4166), blood transfusion at 8.5% (n ¼ 2527), pneu-
monia at 4.3% (n ¼ 1285), reintubation at 3.8%
(n ¼ 1134), return to the operating room at 2.9%
(n ¼ 862), delirium at 2% (n ¼ 597), and acute kidney
injury at 1.4% (n ¼ 417). The operative mortality (30 day
or in-hospital mortality) was 2.4% (n ¼ 28), and the 90-
day mortality was 4.5% (n ¼ 1343). Overall, patients
who had 1 or more complications exhibited substantially
worse unadjusted survival (Figure 1). Unadjusted survival
curves showed that for each specific complication, patients
with that complication had worse survival than those
without. Figures 2 and 3 demonstrate survival in patients
with and without pneumonia, reintubation, ARDS, and
blood transfusion.

The differential effects of these complications with time
are alternatively depicted in a forest plot in Figure 4 and
listed in Table 3. These data demonstrate the adjusted
time-dependent hazard ratios for each complication after
lung cancer surgery. In the early period of 0 to 90 days
(3 months), 12 of 19 complications were associated with
worse survival, including pneumonia, pulmonary embolus,
bronchopleural fistula, ARDS, reintubation, atrial
arrhythmia requiring treatment, ventricular arrhythmia
requiring treatment, myocardial infarction, empyema,
sepsis, central neurologic event, acute kidney injury, and
blood transfusion. Delirium, blood transfusion, reintuba-
tion, and pneumonia were associated with increased
intermediate-term death hazard. Only sepsis and periopera-
tive blood transfusion continued to influence survival in the
late term or after 18 months. Finally, to assess the general-
izability of this data to all patients in the STS GTSD, we
performed a logistic regression analysis examining the as-
sociation of complications with mortality at 30 postopera-
tive days in 3 groups: (1) patients aged 65 years old and
older linked to CMS data, (2) patients aged 65 years and
older not linked to CMS data, and (3) patients aged younger
than 65 years. We observed relatively consistent results
across the 3 groups, particularly with respect to the 5 com-
plications with the highest odds ratios (Table E1).

DISCUSSION
This study demonstrates that the adverse effects of oper-

ative complications on survival after lung cancer surgery
predominantly manifest in the first 90 days after the opera-
tion and dissipate thereafter. Our analysis confirmed the
presence of a differential magnitude of effect on survival
for individual complications. In addition, time-varying ef-
fects on survival of individual complications after lung
The Journal of Thoracic and Car
cancer surgery were demonstrated. Many complications,
such as a myocardial infarction, were associated with an
increased hazard of mortality in the immediate postopera-
tive period but did not carry a significant hazard beyond
90 days after the operation. We believe that these estimated
time-dependent hazard ratios can serve as objective weights
for complications in future iterations of the STS GTSD risk
and performance models for lung cancer surgery. Such an
approach would represent an advance in quality measure-
ment from the current assignment of equal weight to empir-
ically selected major morbidities.
The 5-year survivals after surgical resection of a lung

cancer for patients in the STS-CMS linked data set were
as follows: stage I, 59.7%; stage II, 40.7%; stage III,
29.9%; and stage IV, 26.7%.4 We have previously demon-
strated that individual patient and disease factors are associ-
ated with operative morbidity and mortality.2 Our group’s
recent work also shows that, as expected, long-term survival
varies according to patient and disease factors as well.9

These data can help thoracic surgeons counsel patients
regarding expected risks and outcomes with lung cancer
diovascular Surgery c Volume 155, Number 3 1257



FIGURE 1. Unadjusted Kaplan-Meier survival curves for patients with and without one or more perioperative complications.
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surgery. This study further refines these survival models by
estimating the effects of the occurrence of postoperative
complications on patient survival. This information can
FIGURE 2. A, Unadjusted Kaplan-Meier survival curves for patients with and

survival curves for patients with and without reintubation after lung cancer sur

1258 The Journal of Thoracic and Cardiovascular Sur
help direct quality improvement efforts toward prevention
of the most harmful complications, and also enhance our
ability to measure quality as discussed previously.
without pneumonia after lung cancer surgery. B, Unadjusted Kaplan-Meier

gery.
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FIGURE 3. A, Unadjusted Kaplan-Meier survival curves for patients with and without adult respiratory distress syndrome (ARDS) after lung cancer sur-

gery. B, Unadjusted Kaplan-Meier survival curves for patients with and without blood transfusion after lung cancer surgery.
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The long-term effects of surgical complications after
surgery for lung cancer have been previously examined
by Rueth and colleagues1 in a study that used the Surveil-
lance, Epidemiology and End Results–Medicare Database.
In examining broad categories of complications in their
analysis (any complication, pulmonary complication, car-
diac complication, or noncardiopulmonary complication)
derived from ICD-9-CM codes in the CMS record, they
also found that complications independently affect long-
term survival. In contrast to the analysis by Rueth and
colleagues,1 our study analyzed the effects of specific indi-
vidual complications with time (eg, pneumonia and ARDS
are not grouped in a single category). Further, the STS
GTSD provides much greater detail with respect to the
operative complications, as well as the patient and disease
variables that are adjusted for in the analysis. Finally, we
considered the differential effects of complications on sur-
vival with time, whereas the analysis Rueth and col-
leagues1 assumed a constant hazard of a specific
complication (eg, atrial arrhythmia) with time. The associ-
ation between postoperative complication and survival is
The Journal of Thoracic and Car
not unique to lung cancer. In esophageal, colon, and
pancreatic cancer, hospital readmission (a surrogate for
postoperative complications), is also associated with
worse long-term survival.10-12

We found that 12 different complications were associ-
ated with worse survival from 0 to 3 months after surgery.
This decreases to 4 complications associated with worse
survival in the interval from 3 to 18 months and only 2
complications (transfusion and sepsis) after 18 months.
These data suggest that for many postoperative complica-
tions, once patients have been ‘‘rescued’’ from these com-
plications, they may not carry a diminished long-term
survival. This finding is important, because the variation
in hospital mortality after lung cancer surgery has been
shown to be more strongly related to rescuing patients
from complications than to the occurrence of complica-
tions.13 For example, an acute pulmonary embolus may
be associated with a significant hazard of mortality in the
immediate perioperative period but have minimal impact
on long term survival if survived. Both blood transfusions
and sepsis after lung cancer surgery were associated with a
diovascular Surgery c Volume 155, Number 3 1259



FIGURE 4. Differential magnitude of complications’ impact on survival after lung cancer surgery shown with hazard ratios (HRs) varying with time.

Numbers of patients at risk were 25,966 at the time of surgery (time 0), 23,910 at 90 days, and 15,903 at 18 months. ARDS, Adult respiratory distress syn-

drome; OR, operating room. CI, confidence interval.
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worse long-term survival. One may hypothesize that these
2 complications exert an immunosuppressive effect that
affects the risk of tumor progression. In fact, the associa-
tion of postoperative blood transfusions with early tumor
recurrence has been established for some time.14 Sepsis
is associated with a significant hazard of mortality both
in the early period of 0 to 90 days and the late period of
longer than 18 months after surgery. The early effect
may be the result of the physiologic stress of sepsis,
whereas the late effect may be due to disease recurrence.
Our data set does not contain information on cancer recur-
rence; the association between transfusions and increased
risk of mortality after 18 months therefore cannot be inves-
tigated further. Contrary to our findings, a recent Surveil-
lance, Epidemiology and End Results–Medicare analysis
found that serious complications after complex cancer re-
sections (pancreas, esophagus, and lung) are associated
with a diminished long-term survival, even if the patient
is rescued from the complication.15 That study differed
from our analysis, however, in that complications were
measured with claims data and a constant hazard of com-
plications with time was assumed.

The STS National Database has adopted the use of com-
posite measures of operative mortality plus major morbidity
as outcome measures for risk models and performance mea-
sures developed for various operations.2,3,16-19 Analyzed
operations in adult cardiac and thoracic surgery include
1260 The Journal of Thoracic and Cardiovascular Sur
lobectomy, esophagectomy, coronary artery bypass
grafting, isolated valve surgery, and valve surgery plus
coronary artery bypass grafting. The inclusion of major
morbidities allows the measurement of many nonfatal
events that are nevertheless very significant for patients. In
addition, the inclusion of major morbidities in composite
measures provides many more outcome events, which
improves statistical modeling. The major morbidities used
for these models are empirically determined by expert
surgeon opinion. Complications considered minor are not
included in the models. Further, equal weights are assigned
to each major morbidity, and the presence of a major
morbidity is considered an ‘‘all or none’’ event. Our
approach will allow these major postoperative
complications to be considered with specific weights in
future risk models. The presence of multiple complications
could potentially then be considered by summing the
respective weights and examining interactions. We believe
that this approach would represent an advance in our
current method of risk assessment and performance
measurement in cardiothoracic surgery. One question that
remains uncertain is how best to weight complications
relative to mortality. At present, in STS performance
measures, mortality and major morbidity are weighted the
inverse of their respective standard deviations.3

There are several important limitations to consider with
respect to this study. First, the STS GTSD does not contain
gery c March 2018



TABLE 3. Early (�90 days), middle (>90 days-18 months), and late (>18 months) hazard ratios for each postoperative complication after lung

cancer resection

Complication

0-90 d 90 d-18 mo >18 mo

Overall P valueHR 95% CI P value HR 95% CI P value HR 95% CI P value

Reintubation 5.71 4.59-7.10 <.01 1.50 1.26-1.78 <.01 1.11 0.92-1.35 .28 <.01

Central neurologic event 2.74 1.92-3.90 <.01 1.31 0.85-2.02 .22 0.77 0.47-1.26 .30 <.01

ARDS 2.56 2.00-3.28 <.01 1.21 0.88-1.67 .23 1.32 0.79-2.19 .29 <.01

Pulmonary embolus 2.51 1.44-4.40 .01 1.25 0.71-2.19 .44 0.62 0.29-1.30 .21 <.01

Acute kidney injury 2.26 1.75-2.92 <.01 1.12 0.85-1.47 .42 1.20 0.93-1.53 .15 <.01

Empyema 2.14 1.34-3.42 .01 1.31 0.88-1.95 .19 0.68 0.39-1.22 .20 <.01

Myocardial infarction 1.85 1.25-2.74 <.01 1.12 0.73-1.71 .62 0.87 0.49-1.54 .64 .02

Bronchopleural fistula 1.65 1.08-2.50 .02 1.26 0.71-2.25 .43 0.96 0.56-1.64 .87 .12

Blood transfusion 1.57 1.27-1.93 <.01 1.58 1.41-1.76 <.01 1.29 1.15-1.43 <.01 <.01

Ventricular arrhythmia 1.41 0.90-2.21 .13 1.01 0.72-1.41 .97 0.78 0.53-1.15 .21 .18

Pneumonia 1.37 1.12-1.69 <.01 1.31 1.12-1.53 <.01 1.10 0.95-1.29 .20 <.01

Sepsis 1.32 1.00-1.75 .05 0.86 0.57-1.31 .49 1.66 1.06-2.62 .03 .03

Laryngeal nerve paralysis 1.30 0.70-2.42 .41 1.32 0.85-2.04 .21 0.91 0.54-1.55 .73 .47

Atrial arrhythmia 1.21 1.03-1.41 .02 1.09 0.99-1.20 .08 1.04 0.95-1.13 .45 .03

Initial ventilation>48 h 1.08 0.75-1.55 .68 1.34 0.99-1.82 .06 1.42 1.05-1.94 .02 .05

Delirium 0.92 0.68-1.25 .60 1.35 1.14-1.61 <.01 1.11 0.88-1.40 .38 .01

Unexpected return to OR 0.91 0.68-1.22 .52 1.08 0.88-1.33 .46 0.87 0.71-1.06 .17 .35

Surgical site infection 0.74 0.38-1.45 .38 1.11 0.67-1.82 .69 0.82 0.47-1.43 .49 .71

Deep vein thrombosis 0.71 0.44-1.15 .16 1.35 0.90-2.05 .15 0.91 0.53-1.55 .72 .26

HR, Hazard ratio; CI, confidence interval; ARDS, adult respiratory distress syndrome; OR, operating room.
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data on the severity of complications. Not all pneumonias or
myocardial infarctions, for example, would be expected to
be of the same severity. The use of a grading system for
the severity of surgical complications, such as the
Clavien-Dindo classification, which has been validated in
thoracic surgery, would further enhance this study as well
as the STS GTSD.20,21 Second, we only consider the
effects of complications on mortality. Complications can
also significantly affect quality of life; however, such
effects are not measured at present in the STS GTSD.
Future incorporation of patient-reported outcomes into the
STS GTSD will address this limitation.22 Further, although
the effects of complications on survival are adjusted for in-
dividual patient characteristics and comorbidities, the po-
tential exists for effect measure modification between
clinical parameters and complications. For example, the ef-
fect of an episode of pneumonia may be more significant in
a patient with a forced expiratory volume in 1 second that is
40% of predicted than a patient with a forced expiratory
volume in 1 second that is 80% of predicted. These data
are also limited to patients 65 years of age or older with
Medicare insurance who received care at centers partici-
pating in the STS GTSD, which is thought to represent
fewer than half of all patients undergoing lung cancer resec-
tion nationally. It is possible that the complications
The Journal of Thoracic and Car
identified in this study may not have the same effect on sur-
vival in a younger patient population. As described in our
first publication, 61% of patients in the STS GTSD for
lung cancer surgery are aged 65 or older, and 70% of these
are linked to CMS data.4 Therefore, 43% of patients in the
STS GTSD for lung cancer surgery are included in the
linked data set. Finally, lung cancer surgery outcomes re-
ported in the GTSD have been shown to be superior to those
reported from national administrative databases, and the
findings may not be generalizable to patients undergoing
lung cancer resection at institutions not participating in
the STS GTSD.23

In conclusion, after lung cancer surgery, operative com-
plications have a differential effect on long-term survival
dependent on the specific complication. Further, the effect
of a specific complication varies with time, with the hazard
decreasing with time for certain complications (eg, pneu-
monia) and increasing for others (eg, sepsis). We believe
that the use of these estimated time-dependent hazard ratios
as objective weights for postoperative complications may
improve risk assessment and performance measurement
models in cardiothoracic surgery. The identification of the
complications with the greatest effects (most harmful) can
also help guide quality improvement initiatives in lung can-
cer surgery.
diovascular Surgery c Volume 155, Number 3 1261
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Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/media/
17AM/2017-05-01/RM302-304/05-01-17_Room302-304_
1613_Fernandez.mp4.
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Discussion
Dr Sudish Murthy (Cleveland, Ohio).
Thanks, Dr Fernandez, for a very nice
article. I appreciate getting the manu-
script ahead of time, and I thank the As-
sociation for the invitation.

There is little doubt that these big
database studies are becoming increas-
ingly prevalent in our meetings, as we

have heard today, and also in the journals that we read.
gery c March 2018
There are numerous vagaries that come along with the use
of these database studies, however, and it is largely because
there is some problem in granularity or some problem in
long-term follow-up or outcome. Fernandez and colleagues
have attempted to make up or mitigate some of the defi-
ciencies of the STS database by merging it with CMS
data. This is not the first time that they have used this meth-
odology; they have validated it before.

Specifically, Fernandez and colleagues are using this
approach in an attempt to hierarchically rank postoperative
complications that occur after lung resection for cancer to
determine the impact on survival of these unique complica-
tions and put some real teeth into quality metrics, which are
currently assigning equal weights to many of these compli-
cations. They are also adding a longitudinal component to
their analytics to gain insight into some of the late hazards.
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Dr Fernandez, I have some questions for you. There are a
few vagaries even in the STS database. How has the evolu-
tion of the STS database through its various versions
affected your analysis?

Dr Fernandez. At this point, it has
affected it very little. We did spend a
lot of time before we commenced any
of these studies reconciling various
versions of the database. If you look
at our first publication that came from
this work, it really goes into detail on
how we analyzed this and reconciled

different data elements into a seamless data set that can
T
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be analyzed. But that was a very important consideration.
Dr Murthy. How much of the data do you think that you

lose when you merge the databases, roughly, and how do
you think that the outcomes for those patients who were
not Medicare patients could potentially warp the final con-
clusions of a study like this?

Dr Fernandez. That’s another very good question. These
data represent 41% to 42% of the entire STS lung cancer sur-
gery cohort. The median age is 68 years, if you take it alto-
gether, but it is 65 years old or greater.Whenwe link the data,
we lose about 30% of patients who were covered by private
insurance or health maintenance organizations. So that ends
up being 42% of 43% of the lung cancer surgery population
that we can analyze. In the 65-year-old and older crowd, the
two groups are similar in terms of demographics, stage, treat-
ment, and short-term outcomes; however, if you compare
them with the younger cohort, they have lower operative
mortality, they have a tendency toward higher stage tumors,
and they tend to undergo more aggressive resections, such as
pneumonectomies and sleeves.

Dr Murthy. The magnitude of the hazards for late mor-
tality seems to be significantly lower than that of the hazards
for the early ones. Does this call into question the direct ef-
fects of these complications on late mortality and make you
a little less confident of any true cause-and-effect scenario
for the later hazards?

Dr Fernandez. Let me answer your question as I under-
stand it. A lot of these complications really have an effect
early on, whether it is the severity of the complication and
maybe how it interacts with patient comorbidity, which pla-
ces a hazard on mortality early on or may be a characteristic
of the centers and the concept of failure to rescue; probably
a combination of both. But it seems that if these complica-
tions are survived in the short term, their hazard significance
dissipates with time.

You mentioned the late term, and sepsis and blood trans-
fusion are the only factors that are significant at that time. If
you look at the unadjusted survival curves, they become
parallel after some point, so this makes sense. The sepsis
and blood transfusion need more study, but one could think
of immunologic mechanisms driving tumor recurrence, and
The Journal of Thoracic and Car
certainly blood transfusions have been associated with can-
cer recurrence in previous studies. Unfortunately, our data
set does not allow us to study disease-free recurrence or
cancer-specific survival.
Dr Murthy. How do you account for patients who have

died of their complications early possibly being censored
from later analysis, and how do you make up for this
competing risk of death that may somehow reduce the
impact of these complications if they are survived early to
affect late survival?
Dr Fernandez. That’s a good question, too. With this

time-dependent coefficient, because the proportional haz-
ards assumption is violated, each period starts a new model,
essentially, with the population at risk. How we account for
competing causes of death is by adjustment in the model for
the relevant tumor stage, age, and comorbidity, treatment
variables that are included in the STS database. Thirty-
some variables that are in there and adjusted for, and as
well as those variables adjust, that should account for bal-
ance and competing causes of death. So, we are subject to
unmeasured confounding, such as any other retrospective
analysis of this nature, but that is how that is adjusted for.
Dr Murthy. Predicting outcomes from outcomes is al-

ways a tricky business. When you are a patient and you
see some of these data, you are not sure whether you are
going to get the blood transfusion or get the pneumonia.
How do we use this new information from a prognostic or
from an information standpoint that we would then give
our patients?
Dr Fernandez. I think the best way we use this is to help

us measure performance better. Our short-term lung cancer
surgery models are better than administrative data, but they
need improvement. We cannot use mortality as the only
outcome measure, because it is rare. So these composite
measures have been created that include some complica-
tions that are selected by expert opinion that increase the
outcomes to allow for power for statistical modeling. We
need to determine how to use these better, how to weight
them better, so that when you get your star rating, this
will hopefully, if implemented, improve discrimination.
There is much more improvement that needs to be done.
We need to grade complications, and we need to start
considering outcome measures that extend beyond the
short-term outcomes of morbidity and mortality, but it is
an iterative process of continuing to improve what we have.

Dr Michael Ebright (New York, NY).
Dr Fernandez, thank you very much.
It was a great presentation. I also think
it is very timely.

I want to get back to the concept of
causality, about how we can use this in-
formation prospectively with our pa-
tients. I am wondering whether your

database work had the resolution to determine, for instance,
diovascular Surge
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whether delirium was simply a surrogate for advanced age,
whether reintubation was simply a surrogate for poor selec-
tion of patients with poor PFPs and whether you can link
that.

Dr Fernandez. I agree with you. We used the variables
that have been collected in the STS database for a period
of greater than a decade. So reintubation is certainly a surro-
gate for respiratory failure and probably relates back to pa-
tient selection, and delirium is probably confounded by
several other factors as well. We are only able to use the
data that we have available to us. But I would agreewith you.

DrMichael Lanuti (Boston, Mass). Dr
Fernandez, congratulations on the
article, and it will be another contribu-
tion for this body of work that you are
creating. I noticed that you did not
put in prolonged postoperative air
leak. I know that the STS captures it,
but did that drop out or was it analyzed

at all?
1264 The Jou
Dr Fernandez. That was not included in the model.
Dr Lanuti. Although it is something that the general

thoracic database captures, correct?
rnal of Thoracic and Cardiovascular Sur
Dr Fernandez. That is a variable in the database, yes.
Dr Paul H. Schipper (Portland, Ore).
My question is an expansion of
that. You chose complications. The
STS database tracks a lot more than
what you chose. In particular, some-
thing like chylothorax may have that
same late-term mortality that you see
with transfusion and ARDS, and I

am wondering whether you can talk a little bit more
gery c March 2018
about how you chose the complications to put into
your study.

Dr Fernandez. I guess I would just say that the vari-
ables that we selected for inclusion into this model were
selected by consensus opinion of our research group,
and we selected 19 variables. Certainly, we could add
other ones in there. You look at the frequency of these;
pneumonia is only 4%, acute kidney injury is only
1.4%. We do lung cancer with low mortality and low
morbidity. It is safe; there are not a lot of events. Given
our sample size, we have a lot of statistical power, so
most things you enter into the model are probably going
to show some significance.



TABLE E1. Logistic regression analysis examining the association of complications with mortality at the 30 postoperative days in patients age

65 years old and older linked to Centers for Medicare and Medicaid Services data, in patients age 65 years old and older not linked to Centers

for Medicare and Medicaid Services data, and in all patients older than 65 years

Complication

Age �65 years linked to CMS Age �65 years not linked to CMS Age<65 years

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Reintubation 9.94 7.13-13.84 <.01 12.94 7.78-21.51 <.01 7.73 4.74-12.61 <.01

Central neurologic event 6.52 3.83-11.11 <.01 6.46 2.45-17.07 <.01 4.45 1.57-12.65 .01

ARDS 4.96 3.23-7.63 <.01 4.68 2.84-7.70 <.01 6.36 3.29-12.27 <.01

Pulmonary embolus 5.38 2.72-10.65 <.01 1.56 0.44-5.58 .49 4.04 1.48-11.02 .01

Acute kidney injury 4.35 3.05-6.20 <.01 2.98 1.87-4.73 <.01 2.33 1.06-5.14 .04

Empyema 2.39 1.15-4.98 .02 2.44 0.90-6.57 .08 0.46 0.08-2.65 .38

Myocardial infarction 2.97 1.25-7.09 .01 2.65 1.03-6.77 .04 2.86 0.63-13.01 .17

Bronchopleural fistula 1.93 0.87-4.30 .11 0.75 0.30-1.90 .54 2.01 0.75-5.39 .16

Blood transfusion 1.42 1.06-1.89 .02 1.61 1.11-2.34 .01 1.81 1.18-2.79 .01

Ventricular arrhythmia 2.70 1.57-4.65 <.01 5.35 2.50-11.49 <.01 1.76 0.56-5.57 .33

Pneumonia 1.40 1.00-1.97 .05 0.79 0.47-1.31 .36 0.87 0.51-1.49 .62

Sepsis 2.66 1.66-4.28 <.01 2.70 1.45-5.03 <.01 5.85 2.95-11.61 <.01

Laryngeal nerve paralysis 0.29 0.07-1.24 .09 0.85 0.12-6.21 .87 0.28 0.05-1.54 .14

Atrial arrhythmia 1.09 0.86-1.37 .49 1.06 0.73-1.54 .75 1.19 0.77-1.82 .43

Initial ventilation>48 h 1.18 0.57-2.44 .66 1.93 1.00-3.73 .05 3.01 1.29-6.99 .01

Delirium 0.79 0.49-1.29 .35 0.99 0.45-2.18 .97 0.66 0.28-1.55 .34

Unexpected return to

operating room

1.19 0.78-1.83 .42 2.39 1.42-4.05 .01 1.49 0.78-2.83 .22

Surgical site infection 0.38 0.09-1.52 .17 0.49 0.07-3.60 .49 1.03 0.16-6.64 .98

Deep vein thrombosis 1.12 0.47-2.65 .80 0.55 0.17-1.75 .31 0.73 0.29-1.88 .52

CMS, Centers for Medicare and Medicaid Services data; OR, odds ratio; CI, confidence interval; ARDS adult respiratory distress syndrome.
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